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                \begin{document}$$\text {TeV}$$\end{document}$ during 2012. Momentum conservation transverse to the beam axis[1](#Fn1){ref-type="fn"} implies that the transverse momenta of all particles in the final state should sum to zero. Any imbalance may indicate the presence of undetectable particles such as neutrinos or new, stable particles escaping detection.
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                \begin{document}$$\text {TeV}$$\end{document}$ data from 2010 are summarized in Ref. \[[@CR1]\]. The 2011 and 2012 datasets are more affected by contributions from additional *pp* collisions, referred to as "pileup", concurrent with the hard-scatter process. Various techniques have been developed to suppress such contributions. This paper describes the pileup dependence, calibration, and resolution of the $\documentclass[12pt]{minimal}
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                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$ reconstructed with different algorithms and pileup-mitigation techniques.
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                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$ reconstructed with different algorithms is studied in both data and Monte Carlo (MC) simulation, and the level of agreement between the two is compared using datasets in which events with a leptonically decaying *W* or *Z* boson dominate. The *W* boson sample provides events with intrinsic $\documentclass[12pt]{minimal}
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                \begin{document}$$E_{\mathrm {T}}^{\mathrm {miss,True}}$$\end{document}$), which is defined as the magnitude of the vector sum of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\vec {p_{\text {T}}}$$\end{document}$  of stable[2](#Fn2){ref-type="fn"} weakly interacting particles from the hard-scatter collision. Then the selection efficiency after a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$-threshold requirement is studied in simulated events with high-$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${p}_{\text {T}}$$\end{document}$  neutrinos (such as top-quark pair production and vector-boson fusion $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$H \rightarrow \tau \tau $$\end{document}$) or possible new weakly interacting particles that escape detection (such as the lightest supersymmetric particles).

This paper is organized as follows. Section [2](#Sec2){ref-type="sec"} gives a brief introduction to the ATLAS detector. Section [3](#Sec3){ref-type="sec"} describes the data and MC simulation used as well as the event selections applied. Section [4](#Sec8){ref-type="sec"} outlines how the $\documentclass[12pt]{minimal}
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ATLAS detector {#Sec2}
==============

The ATLAS detector \[[@CR2]\] is a multi-purpose particle physics apparatus with a forward-backward symmetric cylindrical geometry and nearly 4$\documentclass[12pt]{minimal}
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Data samples and event selection {#Sec3}
================================

ATLAS recorded *pp* collisions at a centre-of-mass energy of 8 $\documentclass[12pt]{minimal}
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Data are analysed only if they satisfy the standard ATLAS data-quality assessment criteria \[[@CR5]\]. Jet-cleaning cuts \[[@CR5]\] are applied to minimize the impact of instrumental noise and out-of-time energy deposits in the calorimeter from cosmic rays or beam-induced backgrounds. This ensures that the residual sources of $\documentclass[12pt]{minimal}
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Track and vertex selection {#Sec4}
--------------------------

The ATLAS detector measures the momenta of charged particles using the ID \[[@CR6]\]. Hits from charged particles are recorded and are used to reconstruct tracks; these are used to reconstruct vertices \[[@CR7], [@CR8]\].

Each vertex must have at least two tracks with $\documentclass[12pt]{minimal}
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To estimate the systematic uncertainties in the data/MC ratio arising from the modelling of the soft hadronic recoil, $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+$$\end{document}$ [Herwig]{.smallcaps} , [Alpgen]{.smallcaps} $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+$$\end{document}$ [Pythia]{.smallcaps} , and [Powheg]{.smallcaps} $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$+$$\end{document}$P[ythia8]{.smallcaps}. The corresponding underlying event tunes are mentioned in Table [2](#Tab2){ref-type="table"}. Parton distribution functions are taken from [CT10]{.smallcaps} \[[@CR30]\] for [Powheg]{.smallcaps} and [Sherpa]{.smallcaps}  samples and [CTEQ6L1]{.smallcaps} \[[@CR38]\] for [Alpgen]{.smallcaps} samples.

Generated events are propagated through a G[eant4]{.smallcaps} simulation \[[@CR39], [@CR40]\] of the ATLAS detector. Pileup collisions are generated with P[ythia8]{.smallcaps} for all samples, and are overlaid on top of simulated hard-scatter events before event reconstruction. Each simulation sample is weighted by its corresponding cross-section and normalized to the integrated luminosity of the data.
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Several algorithms have been developed to reconstruct the $\documentclass[12pt]{minimal}
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-------------------------------------------------------------------------------
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The photon reconstruction is also seeded from clusters of energy deposited in the EM calorimeter and is designed to separate electrons from photons. Photons are calibrated at the EM scale and are required to satisfy the "tight" photon selection criteria with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T}}$$\end{document}$  \> 10 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {GeV}$$\end{document}$ \[[@CR14]\].

Muon candidates are identified by matching an ID track with an MS track or segment \[[@CR13]\]. MS tracks are used for 2.5 \< $\documentclass[12pt]{minimal}
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Jets are reconstructed from three-dimensional topological clusters (topoclusters) \[[@CR41]\] of energy deposits in the calorimeter using the anti-$\documentclass[12pt]{minimal}
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                \begin{document}$$=$$\end{document}$ 0.4. The topological clustering algorithm suppresses noise by forming contiguous clusters of calorimeter cells with significant energy deposits. The local cluster weighting (LCW) \[[@CR43], [@CR44]\] calibration is used to account for different calorimeter responses to electrons, photons and hadrons. Each cluster is classified as coming from an EM or hadronic shower, using information from its shape and energy density, and calibrated accordingly. The jets are reconstructed from calibrated topoclusters and then corrected for in-time and out-of-time pileup as well as the position of the PV \[[@CR4]\]. Finally, the jet energy scale (JES) corrects for jet-level effects by restoring, on average, the energy of reconstructed jets to that of the MC generator-level jets. The complete procedure is referred to as the LCW+JES scheme \[[@CR43], [@CR44]\]. Without changing the average calibration, additional corrections are made based upon the internal properties of the jet (global sequential calibration) to reduce the flavour dependence and energy leakage effects \[[@CR44]\]. Only jets with calibrated $\documentclass[12pt]{minimal}
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To suppress contributions from jets originating from pileup interactions, a requirement on the jet vertex-fraction (JVF) \[[@CR4]\] may be applied to selected jet candidates. Tracks matched to jets are extrapolated back to the beamline to ascertain whether they originate from the hard scatter or from a pileup collision. The JVF is then computed as the ratio shown below:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {\mathrm {JVF}} = \sum _{\mathrm {track,PV,jet}} p_{\mathrm {T}}{{{/}}}\sum _{\mathrm {track,jet}} p_{\mathrm {T}}. \end{aligned}$$\end{document}$$This is the ratio of the scalar sum of transverse momentum of all tracks matched to the jet and the primary vertex to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${p}_{\text {T}}$$\end{document}$  sum of all tracks matched to the jet, where the sum is performed over all tracks with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\text {T}}$$\end{document}$  \> 0.5 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {GeV}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |$$\end{document}$ \< 2.5 and the matching is performed using the "ghost-association" procedure \[[@CR45], [@CR46]\].

The JVF distribution is peaked toward 1 for hard-scatter jets and toward 0 for pileup jets. No JVF selection requirement is applied to jets that have no associated tracks. Requirements on the JVF are made in the STVF, EJAF, and TST $\documentclass[12pt]{minimal}
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The soft term is a necessary but challenging ingredient of the $\documentclass[12pt]{minimal}
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The tracking and the calorimeters provide almost completely independent estimates of the $\documentclass[12pt]{minimal}
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Jets can originate from pileup interactions, so tracks matched to the jets are extrapolated back to the beamline to ascertain whether they are consistent with originating from the hard scatter or a pileup collision. The JVF defined in Sect. [4.1.1](#Sec10){ref-type="sec"} is used to separate pileup jets and jets from the hard scatter. The STVF, EJAF, and TST $\documentclass[12pt]{minimal}
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Applying a JVF cut is a trade-off between removing jets from pileup interactions and losing jets from the hard scatter. Therefore, several values of the JVF selection criterion are considered in $\documentclass[12pt]{minimal}
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Systematic uncertainties of the soft term {#Sec30}
=========================================
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Methodology for CST {#Sec31}
-------------------

Two sets of systematic uncertainties are considered for the CST. The same approach is used for the STVF and EJAF algorithms to evaluate their soft-term systematic uncertainties. The first approach decomposes the systematic uncertainties into the longitudinal and transverse components along the direction of $\documentclass[12pt]{minimal}
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### Evaluation of balance between the soft term and the hard term {#Sec32}

The primary or "balance" method exploits the momentum balance in the transverse plane between the soft and hard terms in $\documentclass[12pt]{minimal}
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### Cross-check method for the CST systematic uncertainties {#Sec33}

As a cross-check of the method used to estimate the CST uncertainties, the sample of $\documentclass[12pt]{minimal}
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Even though the distributions appear similar, the results in this section are derived by projecting the full $\documentclass[12pt]{minimal}
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Methodology for TST and Track $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\text {T}}^{\text {miss}}$$\end{document}$ {#Sec34}
-------------------------------------------------------------------------------

A slightly different data-driven methodology is used to evaluate the systematic uncertainties in the TST and Track $\documentclass[12pt]{minimal}
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The method exploits the balance between the soft track term and $\documentclass[12pt]{minimal}
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An example fit is shown in Fig. [22](#Fig22){ref-type="fig"} for illustration. The 1-jet selection with the JVF requirement is used to show that the differences between data and simulation, from the jet-related systematic uncertainties, are small relative to the differences in the soft-term modelling. The impact of the jet-related systematic uncertainties is less than 0.1% in the Gaussian smearing ($\documentclass[12pt]{minimal}
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### Propagation of systematic uncertainties {#Sec35}
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### Closure of systematic uncertainties {#Sec36}
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### Systematic uncertainties from tracks inside jets {#Sec37}

A separate systematic uncertainty is applied to the scalar summed $\documentclass[12pt]{minimal}
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Conclusions {#Sec38}
===========

Weakly interacting particles, which leave the ATLAS detector undetected, give rise to a momentum imbalance in the plane transverse to the beamline. An accurate measurement of the missing transverse momentum ($\documentclass[12pt]{minimal}
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The Calorimeter Soft Term (CST) is computed from the sum of calorimeter topological clusters not associated with any hard object. No distinction can be made between energy contributions from pileup and hard-scatter interactions, which makes the resolution on the $\documentclass[12pt]{minimal}
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Appendix {#Sec39}
========

Calculation of EJAF {#Sec40}
===================
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While all other jets used in this paper use an *R* $\documentclass[12pt]{minimal}
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ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upward. Cylindrical coordinates $\documentclass[12pt]{minimal}
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ATLAS defines stable particles as those having a mean lifetime $\documentclass[12pt]{minimal}
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The track reconstruction for electrons and for muons does not strictly follow these definitions. For example, a Gaussian Sum Filter \[[@CR9]\] algorithm is used for electrons to improve the measurements of its track parameters, which can be degraded due to Bremsstrahlung losses.
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The EM scale is the basic signal scale for the ATLAS calorimeters. It accounts correctly for the energy deposited by EM showers in the calorimeter, but it does not consider energy losses in the un-instrumented material.

The forward ATLAS calorimeters are less granular than those in the central region, which leads to fewer clusters being reconstructed.

As defined in Sect. [4.1.3](#Sec12){ref-type="sec"}, the CST $\documentclass[12pt]{minimal}
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